One new cembrane diterpene, 2R,7R,8R-dihydroxydeepoxysarcophine (1), together with three known compounds, 7α,8β-dihydroxydeepoxysarcophine (2), 7β-acetoxy-8α-hydroxydeepoxysarcophine (3), and sarcophine (4), have been isolated from the Red Sea soft coral Sarcophyton glaucum. Their structures were determined using 1D and 2D NMR spectroscopy. 7β-Acetoxy-8α-hydroxydeepoxysarcophine (3) exhibits cytotoxic activity against HepG2, HCT-116, and HeLa cells with IC 50 values of 3.6, 2.3, and 6.7 µg/mL, respectively.
Marine organisms, comprising more than half of the total global diversity, offer an enormous source of novel and biologically active compounds. The soft corals (phylum Cnidaria, class Anthoza, subclass Octocorallia, order Alycyonacea) have proven to be a biochemical warehouse for terepenoids. Nearly 30 species of soft corals of the genus Sarcophyton, from different geographical areas, have been chemically examined. They contain antiproliferative sesquiterpenes [1] and an impressive series of cembranoid diterpenes [2] . Many cembrane-type compounds have been shown to exhibit cytotoxicity and anti-inflammatory activity [3] [4] [5] . Herein, we report the isolation of the new compound 2R,7R,8R-dihydroxydeepoxysarcophine (1), together with three known cembranolides, 7α,8βdihydroxydeepoxysarcophine (2), 7β-acetoxy-8α-hydroxydeepoxysarcophine (3) , and sarcophine (4) , from the Red Sea soft coral S. glaucum and cytotoxic activity against HepG2, HCT-116, HeLa, and MCF-7 cells. Structures of these isolated metabolites were elucidated through extensive 1D and 2D spectroscopic analyses. The IR spectrum indicated the presence of an α,βunsaturated-γ-lactone group (1750 and 1686 cm -1 ), a ketone group (1707 cm -1 ), an olefinic group (1669 cm -1 ), and broad absorption for OH stretching (3000-3353 cm -1 ) functionalities. A literature survey and careful comparison of the 1 H and 13 C NMR spectroscopic data of 1 (Table 1) revealed that it was in part close to the known compounds, 7β,8α-dihydroxydeepoxysarcophine (1a) and 7α,8βdihydroxydeepoxysarcophine (2) [6a] . The 13 C NMR and DEPT spectra (Table 1) in the 1 H NMR spectrum of 1 are the downfield chemical shift of H-11, which resonates at δ 5.24 (td, J = 7.5, 1.0), and the upfield chemical shift of H-7 [δ 3.33 (dd, J = 10.0, 1.5)] rather than the values reported for compounds 2 and 1a [6b] ( Table 2 ). These data indicate differences in the stereochemistry of the three chiral carbons C-2, C-7, and C-8 compared with those of 1a and 2. Compounds 2-4 were previously reported from the soft coral S. glaucum [6b, 9] with no report of cytotoxicity. The cyototoxic activity of compounds 1-3 was tested against HepG2, HCT-116, HeLa, and MCF-7 cells. 7-Acetoxy-8-hydroxydeepoxy-sarcophine (3) showed strong cytotoxic activity against HepG2, HCT-116, and HeLa cells with IC 50 values of 3.6, 2.3, and 6.7 g/mL, respectively, while no activity against MCF-7 cells was observed for compounds 1 and 2.
Using MTT assay, the effect of isolated compounds on the growth of various cell lines was studied after 48 h of incubation. As shown in Table 3 , compound 3 showed a potential cytotoxic activity (low IC 50 values <10 g/mL) against HepG2, HCT-116, and HeLa cells, but not against MCF-7 cells, while the other tested compounds were not cytotoxic (IC 50 values >10 g/mL). Paclitaxel, a known anti-cancer drug, was used as a positive control. To detect the type of cell death induced by compound 3 in different cancer cell lines, cells were treated with the appropriate IC 50 value of compound 3 for 12 h and the apoptosis and necrosis percentages were recorded using acridine orange/ethidium bromide staining and analysis under a fluorescence microscope. As shown in Figure 3A , compound 3 led to an apoptosis-dependant cell death in all of the tested cell lines (59.7-83.2% of the total number of dead cell population), while the percentage of necrotic cells was 16.8-40.3% of the total number of the dead cell population. Comparing the untreated cells with paclitaxeltreated cells indicated that the latter significantly induced DNA fragmentation up to 57% (p< 0.001) in different cell lines, as shown in Figure 3B . Similarly, treatment of different cells with compound 3 resulted in high, to variable extents, DNA fragmentation levels that were significantly different from the control (p< 0.01-0.001), in the following order: HCT-116 >HeLa> HepG2. 
Experimental

Extraction and isolation:
The frozen soft coral was chopped into small pieces (4 kg, wet wt) and extracted with EtOAc at room temperature (4L × 5). The combined EtOAc extracts were concentrated to a brown gum (20.0 g), which was subjected to CC on a silica gel column (6 × 120 cm) using n-hexane-EtOAc (gradient separation) to yield 8 fractions. Fraction 2, eluted with n-hexane-EtOAc (3:1), was separated by Sephadex LH-20 using n-hexane-CHCl 3 -MeOH (7:4:0.5) to give 1 (10 mg) and 3 (15 mg). Fraction 6 eluted with n-hexane-EtOAc (1:1) was separated on silica gel using n-hexane-EtOAc, followed by Sephadex LH-20 using n-hexane-CHCl 3 -MeOH (7:4:0.5), to give 2 (12 mg). For sub-culturing, monolayer cells were harvested after trypsin/EDTA treatment at 37°C. Cells were used when confluence had reached 75%. Test samples were dissolved in DMSO, and then diluted 1000 times for the assay. All experiments were repeated 3 times, unless mentioned.
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Cytotoxicity assay:
The cytotoxic effect of the compounds on the growth of different human cancer cell lines was estimated by the 3-(4,5-dimethyl-2-thiazolyl)-2,5diphenyl-2H-tetrazolium bromide (MTT) assay [10] . Cells (5 × 10 4 cells/well) were incubated for 48 h with various concentrations of the compounds at 37°C in a FBS-free medium, before submitted to MTT assay. The absorbance was measured with a microplate reader (BioRad, München, Germany) at 570 nm. The relative cell viability was determined by the amount of MTT converted to the insoluble formazan salt. The data are expressed as the mean percentage of viable cells as compared with untreated cells. The relative cell viability was expressed as the mean percentage of viable cells compared with the respective untreated cells (control). The half maximal growth inhibitory concentration (IC 50 ) value was calculated from the line equation of the dose-dependent curve of each compound. The results were compared with paclitaxel.
Apoptosis and necrosis staining:
The type of cell death was investigated in compound-treated and -untreated cells using acridine orange/ethidium bromide staining [11, 12] . In brief, a mixture of 100 g/mL acridine orange and 100 g/mL ethidium bromide was prepared in PBS. The cell uptake of the stain was monitored under a fluorescence microscope, and the apoptotic, necrotic, and viable cells were counted. The early apoptotic cells had yellow chromatin in the nuclei that were highly condensed or fragmented. Apoptotic cells also exhibited membrane blebbing. The late apoptotic cells had orange chromatin with nuclei that were highly condensed and fragmented. The necrotic cells had bright orange chromatin in round nuclei. Only cells with yellow, condensed, or fragmented nuclei were counted as apoptotic cells in a blinded, nonbiased manner.
DNA fragmentation: DNA fragmentation was essentially assayed as reported previously [13] . Briefly, compoundtreated and -untreated cell pellets were re-suspended in 250 L 10 mM Tris, 1 mM EDTA, pH 8.0 (TE-buffer), and incubated with an additional volume of lysis buffer (5 mM Tris, 20 mM EDTA, pH 8.0, 0.5% Triton X-100) for 30 min at 48°C. After lysis, the intact chromatin (pellet) was separated from DNA fragments (supernatant) by centrifugation. Pellets were re-suspended in TE-buffer and samples were precipitated by 10% trichloroacetic acid at 48°C. The sample pellets were added to 5% trichloroacetic acid and boiled. DNA contents were quantified using the diphenylamine reagent [14] . The percentage of DNA fragmented was calculated as the ratio of the DNA content in the supernatant to the amount in the pellet.
